Abstract Harms of opioid analgesics, especially highdose therapy among individuals with comorbidities and older age, are increasingly recognized. However, trends in opioid receipt among HIV-infected patients are not well characterized. We examined trends, from 1999 to 2010, in any and high-dose (C120 mg/day) opioid receipt among patients with and without HIV, by age strata, controlling for demographic and clinical correlates. Of 127,216 patients, 64 % received at least one opioid prescription. Opioid receipt increased substantially among HIV-infected and uninfected patients over the study; high-dose therapy was more prevalent among HIV-infected patients. Trends in high-dose receipt stratified by three age groups revealed an increasing trend in each age strata, higher among HIVinfected patients. Correlates of any opioid receipt included HIV, PTSD and major depression. Correlates of high-dose receipt included HIV, PTSD, major depression and drug use disorders. These findings suggest a need for appropriate balance of risks and benefits, especially as these populations age.
Introduction
Over the last two decades, marked increases in opioid sales have been reported [1] [2] [3] . Concomitant with increased prescribing has been an increase in opioid-related adverse events, including overdose deaths, especially with highdose therapy [4, 5] . Several studies have found a higher incidence of major adverse events in individuals with mental health disorders and substance use disorders [6] [7] [8] . Additionally, observational research revealed increased mortality among older adults prescribed opioids compared to non-steroid anti-inflammatory drugs [9] , making increasing age another factor to consider in weighing the balance benefit and harm of opioids. These findings have driven safety-minded proposals including dose restrictions, medication labeling changes, and additional physician education [10] .
Among HIV-infected populations, there has been a shift from opioid prescribing for end-of-life, palliative care to long-term opioid prescribing for chronic pain, although research has not documented the impact of this shift on prescribing rates. As in general populations, prescribing opioid analgesics to HIV-infected patients requires a careful balance of potential benefit and harm [11] [12] [13] . On one hand, aging patients with HIV have a high prevalence of painful conditions for which opioids may be beneficial, including both non HIV-related conditions like osteoarthritis, as well as, for example, HIV-associated painful peripheral neuropathy and painful sequelae of opportunistic infections [14, 15] . On the other hand, patients with HIV have a higher prevalence of risk factors associated with major opioid-related adverse events, including mental health, alcohol and substance use disorders [16] . When present, these factors also place patients at higher risk of developing opioid use disorder [17] . Furthermore, opioids may impair immune function [18] and interact with antiretroviral therapy in sometimes difficult to predict and dangerous ways [19, 20] . Additionally, as patients with HIV live longer, concerns about effects of high-risk medications on geriatric populations who are more prone to falls, fractures, decreased metabolism and altered pharmacodynamics, have increased [21] . Finally, a recent study of long-term opioid receipt demonstrated a higher risk of death among individuals with HIV compared to those without HIV [22] .
For these reasons, a better understanding of the pharmacoepidemiology of opioid receipt among HIV-infected patients is critical. To our knowledge, only one prior study has evaluated trends in opioid receipt among HIV-infected patients [23] . This study, however, was in one geographic region and did not incorporate opioid dose trends. Therefore, as a follow-up to a single-year, cross-sectional study [24] , the purpose of this prospective cohort study was to examine trends over a 12-year period in any and high-dose opioid receipt for noncancer pain in patients with HIV, by age strata, and to assess the demographic characteristics and clinical conditions associated with these outcomes. Uninfected patients were included as a comparison group, providing information about secular trends during this time period.
Methods

Study Overview
We used data from the Veterans Aging Cohort Study-Virtual Cohort (VACS-VC), described in detail elsewhere [25] [26] [27] . Briefly, the VACS-VC is a cohort of HIV-infected patients and uninfected controls matched 1:2 on age, sex, race/ethnicity and site of care identified from Veterans Health Administration (VHA) administrative data. Data for this analysis included fiscal years 1999 through 2010 and incorporated information from the Immunology Case Registry-the VHA HIV registry-and the Decision Support System [28, 29] . The study was approved by the institutional review boards at VA Connecticut Healthcare System and Yale University.
Study Population
VACS-VC has 44,180 HIV-infected and 88,360 matched uninfected patients with clinical data [30] . Patients were excluded if they met any of the following criteria: (1) unclear HIV status; (2) cancer diagnosis, excluding nonepithelial skin cancers; or (3) incomplete opioid pharmacy data.
Prescription Opioid Types
Data on oral and transdermal opioid receipt included the following medications: codeine, hydrocodone, oxycodone, oxycodone sustained action (SA), morphine, morphine SA, fentanyl, hydromorphone, methadone, propoxyphene, and tramadol. We opted to include tramadol, a non-scheduled medication, because it is a weak l opioid receptor agonist and is frequently prescribed to treat pain. Because of low frequency prescribing, we combined the following opioids into a single ''other'' category: dihydrocodeine, meperidine, pentazocine, levorphanol, and tapentadol. Opioid types with negligible receipt (e.g. hydrocodone sustained action (SA), hydromorphone SA, oxymorphone, oxymorphone SA, and codeine SA) were excluded. Medications provided for the treatment of opioid dependence (methadone via opioid treatment programs and buprenorphine) were also excluded.
Prescription Opioid Use Profiles
Consistent with published methodology [24] , total morphine equivalents were calculated by multiplying the quantity of each prescription by the strength of the prescription (milligram of opioid per unit dispensed). For nonmorphine opioids, standard conversion factors were used to estimate milligrams of morphine equivalents dispensed [31] . To determine the milligrams of morphine equivalents of special formulations, including cough elixirs, transdermal fentanyl, and solutions, we consulted published literature [31] and reached consensus when ambiguity remained. Any opioid receipt was defined as receipt of at least one prescription for any outpatient opioid from 1999-2010. High-dose opioid therapy was defined as an average daily dose of at least 120 mg of morphine equivalents, consistent with our previous analysis [24] . Both of these outcomes were assessed across the 12-year analytic frame and then within each year.
Covariates
Demographic variables included gender, age and race/ ethnicity (white, black, Hispanic and other) based on selfreport. Clinical variables, based on ICD-9 codes, included post-traumatic stress disorder (PTSD); major depression; bipolar disorder; schizophrenia; alcohol use disorders; drug use disorders; smoking, classified as never, current or former; diabetes and pain-related diagnoses. Hepatitis C virus (HCV) was based on ICD-9 codes and laboratory data. We categorized pain-related diagnoses as acute painrelated: abdominal pain, chest pain, fracture, or kidney stones, and chronic pain-related: back pain, extremity pain, headache, menstrual pain, neck pain, neuropathy, osteoarthritis, other pain, rheumatoid arthritis, or temporomandibular joint pain [24] . HIV status was established at entry into the cohort based on serologic testing. Other diagnoses were assigned if they appeared in at least one inpatient or two outpatient encounters in the year prior or 6 months after study enrollment. We included mental health disorders (PTSD, major depression, bipolar disorder and schizophrenia), alcohol use disorders and drug use disorders as covariates as they are known risk factors for adverse effects of opioids [6-8, 17, 32] .
Statistical Analyses
First, using all years together as a single cross-section, we performed descriptive statistics to characterize patients overall and by opioid receipt. We used t test for continuous variables, or the Wilcoxon rank sum test for non-normally distributed continuous variables, and Chi square for categorical variables to compare characteristics by opioid receipt, considering p \ 0.05 as statistically significant. Then, with each of the 12 years as a serial cross section, we examined trends in proportion of the sample with any and high-dose receipt. Since repeated measures are correlated, GEE is required to avoid underestimating standard errors and overestimating influence [33] . We then performed logistic regression using GEE to assess the association between each covariate and receipt of any and high-dose opioids. To further explore trends by age, we examined proportion of high-dose receipt by HIV status in three age groups: \45, 45-64 and C65 years old, meant to represent young, middle aged and older adult populations, respectively. The older adult population was of particular interest given its vulnerability to medication-related toxicity. Statistical analyses were performed using SAS version 9.1.3 (SAS Institute Inc., North Carolina).
Results
The final analytic sample included 127,216 patients. The sample was predominately male (98 %) with a mean age of 46 years; 47 % were black, 39 % white, 8 % Hispanic and 6 % other (Table 1) . PTSD was the most common mental health disorder at 7 %. The proportion of patients with alcohol use disorders and drug use disorders was 15 % and 14 %, respectively. The median number of pain-related diagnoses was two. Thirty-three percent of the sample was HIV-infected. Over the 12-year time frame, 64 % of the total sample received opioids (HIV-infected: 65 %, HIVuninfected: 64 %; p = 0.003); 7 % received high-dose opioids (HIV-infected: 8 %, HIV-uninfected: 6 %; p \ 0.001).
Trends in any opioid receipt were similar when stratified by HIV status (see Fig. 1 ), with a significant increase over time in both groups. Comparing the beginning to the end of the study, there was a marked increase in the proportion of patients with high-dose receipt as well, but that increase occurred in the first half of the study and then stabilized (Fig. 2) . In each of three age strata (\45, 45-64 and C65), high-dose receipt generally started higher among HIV-infected patients and was stable but started lower and trended upwards among uninfected patients (Fig. 3a-c) . Notably, 4.5 % of HIV-infected individuals 65 and older with any opioid receipt in 2010 had high-dose receipt, compared to 3.0 % of uninfected (p = 0.31).
Among those who received opioids, HIV-infected patients, compared to uninfected patients, were slightly younger, more likely to have major depression, bipolar disorder, alcohol and drug use disorders and HCV, and less likely to have PTSD, schizophrenia or a pain-related diagnosis (Table 1) . Also, among those with any opioid receipt, HIV-infected patients were more likely to have high-dose receipt than uninfected-patients (13 % vs. 10 %; p \ 0.001). In the full sample, compared to those without opioid receipt, those with opioid receipt were more likely to have HIV infection, were slightly younger and more likely to have mental health, alcohol use and drug use disorders, HCV, diabetes, and chronic pain-related diagnoses. Those with opioid receipt were more likely to be current smokers (p \ 0.05 for all comparisons).
In multivariable logistic analyses using GEE, in which HIV was the predictor of interest (Table 2) , HIV, PTSD, major depression, smoking (current or former), HCV, diabetes, having an acute pain-related diagnosis, having a chronic pain-related diagnosis, and number of pain-related diagnoses were positively associated with opioid receipt whereas black race, Hispanic ethnicity, other race/ethnicity, alcohol use disorders, drug use disorders and schizophrenia were negatively associated with opioid receipt. Among those receiving opioids, HIV, PTSD, major depression, drug use disorders, smoking (current or former), HCV, and number of pain-related diagnoses were positively associated with high-dose opioid receipt whereas black race, Hispanic ethnicity, other race/ethnicity, schizophrenia and alcohol use disorders were negatively associated with high-dose opioid receipt. We took into account the matched design in a sensitivity analysis and there was no substantial difference in results. Given the pattern observed in the descriptive analysis examining opioid receipt and HIV by age groups, an a posteriori interaction term between HIV and age in relation to high AIDS Behav (2016) 20:679-686 681 dose opioid receipt was tested. In the unadjusted model with HIV, age and HIV*age, the odds ratio for the interaction term was 1.08 (1.03, 1.13), p = 0.002. However, in the adjusted model the interaction term did not remain statistically significant.
Discussion
In a large national cohort over a 12-year time frame, we found a significant increase in opioid receipt among both uninfected and HIV-infected patients, mirroring studies where HIV status was not specifically examined [2, 34, 35] . The proportion and absolute number of HIV-infected patients receiving high-dose opioids also increased substantially over the study period. Expanding on the findings from a single-year study [24] , we found that HIV-infected patients were more likely to receive any and high dose opioids compared to HIV-uninfected patients after adjusting for potential confounders over this 12-year period. Of note, opioid receipt remained common in older ages and differences in receipt of high dose opioids by HIV status were particularly pronounced among patients over 45 years of age. Furthermore, we found that individuals with PTSD and major depression-risk factors for serious adverse effects of opioids-were more likely to receive any and high-dose therapy. While there was not a significant difference between HIV-infected and uninfected individuals, any and high-dose opioid receipt were still widely prevalent in older adults with HIV, presenting another potential safety concern given the known increased risk of complications and adverse effects in aging populations [36] . The underlying reasons for our findings are likely myriad. As treatment of HIV infection has improved, leading to increased aging among patients with HIV, it is likely that chronic pain stemming from degenerative joint disease and other common pain generators has increased in prevalence among patients with HIV. As such, increases in the proportion of patients receiving opioids may in part be related in increases in the prevalence of chronic pain. However, a 2.5-fold increase in opioid receipt over 12 years suggests other factors are also contributing. Factors identified in the general pain literature such as widespread public health campaigns targeting the undertreatment of pain, Joint Commission pain management standards tied to hospital reimbursement and aggressive pharmaceutical company marketing may all have contributed to opioids becoming a more prominent pain treatment option [37] . With respect to HIV infection having a higher rate of opioid receipt and high dose therapy, it is possible that providers caring for patients with HIV have a lower threshold for prescribing opioids, perhaps still applying palliative care or harm reduction paradigms [38] .
While our data do not allow patient-level inference about the appropriateness of individual opioid regimens, from a public health perspective, the increase in proportion of patients receiving high-dose opioids is noteworthy in light of observational studies identifying an inflection point of 100 mg, above which incidence rates of overdose and overdose-related deaths rise [6, 8] . In addition to the potential for increased rates of acute adverse events these findings signal, there are also emerging data to suggest potential complications of high-dose opioid therapy, such as hypogonadism [39] , hyperalgesia [40] and bone demineralization [41] , all of which may be particularly problematic in HIV-infected patients given the advancing age of those who are infected, their burden of chronic illness and evidence of accelerated aging [42] [43] [44] . Sustained and high-dose opioid therapy is less likely to be discontinued [45] , meaning a greater likelihood of continuation into older age where opioids are associated with risk of cardiovascular events, fractures and all-cause mortality, compared to non-opioid analgesics [9] . Our data support this concern as differences in high dose opioid receipt by HIV status were even more pronounced among those over 45 years of age. These findings further support the Institute of Medicine's call for improved access to evidenced-based, non-pharmacologic pain treatments, especially for populations vulnerable to opioid harms [46] . Mental health disorders, more prevalent among HIV populations in general, have been shown to be associated with serious opioid-related adverse events [6] [7] [8] 47 ] opioid misuse [48] [49] [50] and opioid use disorders [17, 32 ], yet we found an association between PTSD and major depression and any and high-dose opioid receipt even after adjusting for number of pain diagnoses as a marker of pain severity. While it is possible that incompletely captured pain severity explained the increased likelihood of any and high-dose opioid receipt in these groups, the observed pattern exposes an already-vulnerable population to greater risk.
In contrast, we found a negative association between alcohol use disorders and high-dose opioid receipt, suggesting providers may be exercising caution when prescribing opioids to patients with this risk factor for both opioid misuse and overdose [51] . Our findings regarding drug use disorders are more difficult to interpret. This covariate had a positive association with high-dose receipt. The extent to which this finding is related to patient or provider factors deserves further study.
The strongest and most consistent negative associations we observed were between non-white race/ethnicity and opioid receipt. While these findings may suggest the presence of health disparities, we refer to them henceforth as differences since it is not clear whether exposure to opioids is health-promoting or not based on equivocal data on opioid efficacy for chronic non-cancer pain [52] . These differences-given their strength and consistency-may reflect race-influenced variability in pain assessment and treatment, corroborating previous research [53] [54] [55] and may also relate to race-related variability in patient preferences and values with respect to pain treatment [56] . Our study has limitations. We relied on administrative and clinical databases which may lack sensitivity and specificity for some diagnoses, including those related to mental health and pain. However, studies have found these sources to be a generally valid [57, 58] . Pain severity, a moderator of the relationship between certain conditions and opioid receipt, is difficult to measure in secondary data [59] . Nonetheless, while increased pain might be the reason a higher proportion of some at-risk subpopulations received opioids, these patients are still at higher risk for adverse effects. Since our sample was entirely veterans who receive medical care in the VA system, it may not generalize to veterans who do not receive care in the VA system and non-veteran populations of patients with HIV. Though, of note, the socio-demographics of patients with HIV in VA, especially in terms of race/ethnicity, are similar to individuals with HIV outside of VA [60] . Additionally, we could not account for opioid receipt from non-VHA sources nor confirm whether medications were taken as prescribed.
Within a large national sample of patients with and without HIV, we found approximately a twofold increase in opioid exposure over a 12-year time frame, persisting into older aged groups, and that HIV infected individuals were more likely to have any and high-dose receipt. Additionally, some sub-groups at elevated risk of serious adverse effects of opioids were more likely to experience any and high-dose exposure. These population-level findings warrant future research into the impact of opioid prescribing on pain among patients with HIV and targeted interventions.
